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We present the first study of CP asymmetry in Λb → Λℓ
+ℓ− decay when a new weak phase comes through
the extension of three-generation standard model to the four-generation standard model. Taking |V ∗
t′s
Vt′b| =
0.01, 0.02, 0.03 with phase {60◦−120◦}, which is consistent with the b → sℓ+ℓ− rate and the Bs mixing parameter
∆mBs, we find out that CP asymmetry is quite sensitive to the existence of fourth generation. It can serve as
a good tool to search for new physics effects, in particular, to search for the fourth generation quarks (t′, b′) via
their indirect manifestations in loop diagrams.
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Although the standard model(SM) of particles ex-
plains most experimental results, there are many the-
oretical shortcomings of the SM and some experimen-
tal puzzles which impose extension of the SM in many
different ways. Experimental results show discrepancy
at the 2–3σ level from the SM predictions such as (a)
measurement of direct CP-asymmetry of B → Kπ
decays[1] and (b) the nonvanished CP phase measured
in b→ s transition by CDF[2] and Dø,[3] which can not
explain by 3×3 CKM matrix. A consequential exten-
sion of the three-generation standard model (SM3) to
the four-generation standard model (SM4) has better
solutions to some of the theoretical and experimen-
tal problems. Such extension can include extra weak
phases in the quark mixing matrix which can intro-
duce better solutions to the baryon anti-baryon asym-
metry of the universe. SM4 can also explain the direct
CP-asymmetry of B → Kπ decays.[4] After analyzing
the LEP II results, some of the exports insist that this
results exclude the existence of extra generations of
the fermion. Some other experts interpret the LEP
II results as constraints on the fourth fermion mass
which has to be greater than the half of the Z bo-
son mass. Kribs et al. pointed out that the existence
of fourth fermion cannot contradict the electro-weak
precision data.[5]
In this study, we investigate the CP-asymmetry
in Λb → Λℓ+ℓ− decay in the SM4. This decay in
the quark level is loop induced flavor changing neu-
tral currents (FCNC) of b → sℓ+ℓ− transition. The
fourth quark (t′) such as u, c, t quarks contributes
to the b → s(d) transition at loop level. The CP-
asymmetry in the content of the SM is almost zero
in the b → sℓ+ℓ− transition since the weak phase
is almost zero. A new weak phase clearly can affect
CPA, which is attempted to examine. The new phys-
ical effects can be easily seen in the study of branch-
ing ratio,[6] but this physical observable suffers from
hadronic uncertainties. The study of ratio of physi-
cal observables such as CPA and polarization asym-
metries, on the other hand, suffers less from the same
uncertainties because those uncertain parameters par-
tially cancel out.
In the mesonic decays, the helicity structure of the
effective hamiltonian is obviously absent, on the other
hand, the baryonic decays could maintain such struc-
ture for the b → s.[7] From this point of view, the
study of the baryonic decay is especially important.
The Λb factorization from bb¯ pairs is about 10%.
[7]
The expected bb¯ pairs per year in LHC are ∼ 1012. As
a result, the expected number of Λb’s are ∼ 1011. This
is quite enough to measure many physical observables.
In the SM4 the full operator sets remain the same
as the SM3 for b → sℓ+ℓ− transition. The modifica-
tions come through the Wilson coefficients resulting
from t′ contributions in the loop level where the fourth
generation up type quark t′ is introduced in the same
way as u, c, t quarks are employed in the SM. The ma-
trix element of the Λb → Λℓ+ℓ− decay at quark level
is described by b → sℓ+ℓ− transition for which the
effective Hamiltonian can be written as
Heff =
Gα
2
√
2π
VtbV
∗
ts
[
Ctot9 s¯γµ(1− γ5)bℓ¯γµℓ
+ Ctot10 s¯γµ(1− γ5)bℓ¯γµγ5ℓ
− 2Ctot7
mb
q2
s¯σµνq
ν(1 + γ5)bℓ¯γµℓ
]
, (1)
where q2 = (p1 + p2)
2, p1 and p2 are the momenta
of the final leptons. The effective Wilson coefficients
(Ctoti ’s where i = 7, 9, 10) contain two parts. The
SM3 parts of the Wilson coefficients in the µ = mb
scale in the SM3 were given in Refs. [8–10]. The vir-
tual exchange of the fourth generation up type quark
t′ responsible for the additional part. The above-
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